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Unser Zeichen: 8371-66F 

Epothlion^ C und U H«rstitIlMnvi und 14iiln«;l 

Die voriiegende Erfindung betrifft allgenein Cpothilonderivaea 
und daren Verwendung zur Keratellung von Arsneimittelh. insbo- 
•ondere betrifft die voriiegende Erfindung die Herscellung der 
Epochilonderivace der nechfolgend dergeecellten allgemeinen For- 
meln 1 bia 7 aowie deren Verwendur.g zur Heracellung von there- 
peutiachen Mitteln und Mitteln f Or den Pfilanzenechutz^ 
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In den vorseehenden Fonmln 1 bis rozsal 7 bedeucen:| 
R - H, Ci.4-Alkyl; I 

R^, R^s R^, R*, r5 . H, Ci-e-Alkyl, ! 

Cx.6*Acyl*B«ii2oyl« j 

Ci . 4 -Trlalkylailyl , 

Benzyl, j 

Phenyl, 

Cx.^*Alkoxy-, 

Cg-Alkyl-, Hydroxy* und Helogenn 
tubatltuierces Benzyl bzw. Phen)^l; 
wobei auch zw«l der Reste R^ bia R^ zu der Grupplerung -(C3l2)n- 
mit n - 1 bia zuaammantreten k5nnen und ea alch bail den in den 
Reaten enthaltenan Alkyl- bzw. Aeylgruppen ura gradkedcige Oder 
verzweigte Reate handelC; 

Y und 2 Bind entweder gleich oder vcrachieden und ateihen jeweila 
fOr Waaaeracoff, Halogen, wie F, CI, Br oder J, Paeudohalogen, 
wle -MCO, -NCS Oder -K3, CH, 0- (C^.g) -Acyl, O- (Ci,g) -Alkyl, 0- 
Benzoyl. Y und Z k6nnen auch daa o-ACom einea Epoxideia aein, 
wobei Epothilon A und B niche beanaprucht warden, odedr eine der 
C-C-Bindungen einef C^C-Doppelbindung bilden. 

In der FozmeX, 3 atehc X allgemein tHr *C(0)-, -C(S)-,: -S(0>*, - 

CR^R^«, wobei R^ und R^ dia Bedeucung haben wia oban angegeben, 

■ 

und *S1R2*' wobei R die Bedeutung hat wia oban angegepen. 

i 

Zn der FocmI 4 bedeueet X SaueratofC, NOR^, N-MR^R^,! und 
NHCONR^r', wobei dia Reace R^ bia R^ die oben angegeblene Bedau- 
tung haben. 

In der FonaX 5 bedeutet X Waaaeratoff , C^.i8*Alkyl« Pi-ia^Acyl, 

■ 

Benzyl, Benzoyl und Cinnamoyl. | 




t 

ft 



I 
I 

- 5 - 



/ 

I 

• i 

FQr Epothllon A und B eel verwiesen auf de-a-41 38 042. 
Verbindungan gemAft dar allgameinen ForaaX I sind ausgehend von 
Epothilon A und B aowie von daran 3-0- und/oder 7-o-^e«chtttzten 
Darivacea dureh dffnung daa 12 . 13 -Bpoxida zugangliehj Warden 
daiu Hydrogenwaaaarstoffaiuren in einem bavorzugt niihc wUavt- 
gen Laaungamittel eingaaaezt. »»obei man die Halogenhydrlne X • 
Hal. Y - OH und Y - OH. V - Hal arhaic. Protonenaftur^n wia s.B. 
ToluolaulfonaAure und Trifiuoraaaigaiure fQhren In Gegenwart von 
Maaaar zu 12. i3-Dioien, die anachliaOand nacb scandasdverfahrea 
aeyllere (a.B, mit CarbonaAuraanhydriden und Pyrldln iod«r 
Triethylamin/DMAP) oder alkyliarc ^{Alkylhalogenlde uzid Sllber- 
oxid) warden. Die .3- und 7-Hydroxygruppen kOnnen dazu vortUMr- 
geh«nd ala Formiat (Abapaltung mit NKj/MeOH) odar p-Hetboxy* 
banzylethar (Abapaleung mit DOQ) gesebatze warden. 

Verbindungan gem&fi der allgemeinen Forml 2 sind aua jEpochilon A 
und B sowie der«n 3-0- und/oder T-O-geachQticen Derivaten durch 
Reduktion, a.B. mit NaBH4 in Mathanol crhAltlich, Sinfcl dabei 3- 
OH und/odar T-OH reveraibal geachutzt, ao kdnnen nachi Acylierung 
Oder Alkylierung und Cntfemen der Schuetgruppen S-O-monoaubaci- 
cularta, 3^5- oder S» T-O-diaubacicuierte Derivaca den allgemal- 
nen forsel 2 erhalten werdan. 

I 

■ 

Umaetzungen von Epochilon A und B mit bifunktionelleni elektro* 
philen Reagensien, wie (Thio) Phoagen, (ThlolCarbonyldlmldaaol, 
Thionylchlorid oder Dialkylailyldichloridan bzw. -blatriflatan . 
ergeben Verbindungen der allgemeinen rontel 3 . Ala Hilf abaaen 
dienen dabei Pyridin. Trlalkylamine, ggf. auaammen mli OMAF bsw. 
2,6*Lutidin in einem nichtprotiachen L6aungamitcel . Die 3,7-Ace* 
tale der allgemeinen PozBel 3 entstehen durch umacecaliaierung 
2.B. von Oimethylacetalen in Gegenwart einee aauren K^talyaa* 
core , 



/ 



Verbindungen gemlfi dcr allgemeinen TormmX 4 werden aua Epochil n 
A und B Oder ihren 3-0- und/oder 7-o-ge3chat2ten Darlvacen durch 
Oaonolyae und redukcive Aufarbeitung, z.B. mic Dime cbylaul fid, 
erhaltan. Die C-lS-Katono kdnnen anachliafiend nach dam Fachmarm 
gal&ufigan Standardverfahran in Oxime, Hydrazone oday Semicarba- 
zona umgewandalc warden, sia warden weicertaih durclj Wit tig-, 
Wittig-Homer-, Julia« oder Peteraen-olef inierung in iC-i6/C-17- 
Olefixie OberfOhrt. 

Durch Reduktion der C-16-Ketogruppe, z.B. mit einem Aluminium- 
oder Borhydrid, aind die i«*Hydroxyderivate gemaa dar allgamat- 
nen forsel S erhAltlich. Oiaae kdnnen, wenn 3*0H und 7-OH mit 
enteprechendan Sehutzgruppen veraehcn aind« aelektiv acylierc 
Oder alkyliert werden. Die Preiaeczung der 3 -OH* und 7-OH-Grup- 
pen erfolgt z.B. bei O-Formyl durch NHs/MeOH, bei 0-p-Methoxy- 
benzyl durch DOQ. 

Die Verbindungen der allgemeinen Formel 9 werden aua Dar'ivaten 
von Epothilon A und B erhaltan, bei denen die 7-0H*Gruppe durch 
Acyl- Oder Ethergruppen geachatzc iac, in dam die 3-QK-Gruppe 
z.B. fornyliertf meeyliert oder toayliert und anachlieSend durch 
Behandlung mit einer Baae z.B. DBU eliminiert wird. Die 7-OH- 
Gruppa kann wie oben beachrieben freigeaetzt warden. 

Verbindiingen der allgemeinen Formel 7 %#erden aua Bpothilon A und 
B Oder deren 3 -OH* und 7-OH-geachQtzten Derivaten durch baaiaeha 
Hydrolyae erhalten, z.B. mit NaOH in MeOH oder MeOH/Whaaer. Vor- 
zugaweiae nerden Verbindungen . der allgemeinen FozmI 7 aua Bpo- 
thilon A Oder 6 oder deren 3 •OH- oder 7-OH-geachatzten Oerivaten 
dxxrch ehzymatiache Hydrolyae erhalten, inabeaondere mit Eatera* 
aen oder Lipaaen. Dia Carboxylgruppe kana mit Oiazoalkanen nach 
Schuts dar 19-0H-Gruppe durch Alkylierung in Eater umgewandelt 
werden • 
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Femer tc6nnen Verbindungen der Por».l 7 durch Lacconialerung 
nach dsn Methoden von Yamaguchi (Trichlopb«n2oylchlorid/OMAP) 
Corey (Aldrithlol/Trlphanylpho.phin) oder Kellogg (omega-Brom- 
aaure/Caeeiumcarbonael in Verbindung der roxael 2 umgewandelt 
werden. BinschlAgige Arbeicamechoden tinden sich beli 

Inanaga et al. in Bull. Cliem. Soc. Japan. S2 (157» 1989; 
Corey & Micolaou in J. Am. Cham. Soc, 96 (1974) S«14; und 
Xrulainga & Kellogg in J. Am. chew, soc, i03 (I9ai) ;5ifl3. 

Zur Her.eellung der er£indungagem&Sen Verblnduhgen kann man aueh 
von Epothilon C oder D ausgehen, wobei aur Derlvaciaierung auC 
die vorstehend beschriebenen Deri vac iaierung.mathoden verwieaen 
werden kann. Oabei kann man die 12, 13-Ooppelbindung aelakelv 
hydrieren, beiapielaweiae katalytiach oder mlc Dlimiii; oder 
epoxidieren, beiapielatwiaa mit Oimethyldloxlran odes einer 
Peraiure; oder in die Dihalogenide. Oipaeudohalogenide oder 
Diazide umwandeln. ' 

■ 

Di« Erftndung batrifft farner Mittol fur den Pflanzenachucx in 
Landwirtechaft, Foratwirtachaft und/odar Gartenbau, toeatahand 
aua einer oder mehreren der voracehend aufgafOhrten Epochilon- 
derivaee bzw. beaeahend aua einem oder mehreren der voracehend 
aufgefahrten Epothilonderivata neben einem oder mehreren ObliV 
chen TrAgerin) und/oder VerdOnnungamiccel (n) , 



SchlieOlich betrifft die £r£indung cherapeuciache Mictel* beaea- 
hend aua einer oder mehreren der voracehend auCgefQhrcen verbin- 
dungen oder einer oder mehreren der voracehend aufgefOhrcen Ver* 
bindungea neben einem oder mehreren ublichen TrAger(n) und/oder 
Verdannungemiccel (n) • Dieae Miccel kdnnen inabeaondere cytotoxi- 
ache Aktivit4ten seigen und/oder Xmmunauppr eaa ion bewirken 
und/oder zur Bekftmpfung maligner Tumore eingeaeczc werden« wobei 

« 

aie beaondere bevorzugc ala' Cycoacatika verwendbar aind. 



i 
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Die Erfindung wird im folgenden durch die Beachreibuiig von einl 
gen susgewAhlten AuaMhrung.beiapielen nAher oriaucei-c und be- 
schrieben . 



Beiapiele 



Beiaplel it 

v«rbladuag la 

20 mg (0.041 mmol) Epothilon A warden tn 1 ml Acecon igoldat. mlt 
50 m1 (0.64S mmol) TrifluoressigsAure veraetxc und ODer Naehe 
bei 50 geruhrt. Zur Aufarbcitung wird das Reaktionegeminch 
mit 1 N Phoaphatpuffer pH 7 veraetst und die wASrigo Phaao vier- 
mal mit EChylacatac extrahiert. Die verainigcen organischan Pha- 
flan werden mit gasAttigtar Natriumchlorid-Maung gew^ischen, ubar 
Natriumaulfat getrocknet und vom Waungamittal befreit. Oia Rai« 
nigung daa Rohproduktaa arfolgt mit Hilfe der praparativen 
Schichtchromatographia (LaufmitteX; Dichlormathan/Acaton, 65 : 
15) . 

Auabauta: 4 mg (19 %) Zsomar Z 

4 mg (IS %) iflomar II 

Xaoaar . X 

Re (Dichlormachan/Acaton , 85 i is) : 0.46 

IR <Film> f ny • 3440 (m, b, Sch) , 2946 (a. SCtl) , 1734 

(va)« 1686 (Ri), 1456 (m), 137$ (w) , 1256 
(a, Sch) , 1190 (w, b. Sch) , 1071 (m. 
Seh). 864 M, 73S (wl cm*^. 

Mfi f2Q/70 t*V\ ♦ m/« (%) . 493 (43 (M-HsO)'^), 394 (47) , J 306 (32), 

206 (30), 181 (40), IfiC (72),!l39 (100), . 
113 (19). 71 (19). 57 (24). 43 (24). 



I 

I 



- 9 - 



b«r.: 493.2498 fOr (M.-H2OJ 
ge£. : 493.2478 



Zaefli«r ZZ 



Rf (Dichlormathan/Aceton. 85 : 15): 0.22 



ny 



3484 (a, b, 3eh) , 2942 (va, Sch) , 1727 
(va), 1570 (w), 1456 (m), 1380 (m) , 1265 
(a), 1190 (w), 1069 (m), 975 ;{w) . cm'^. 



MS (2Qy7Q ^U]^ m/e (%) 



• 493 (21 

206 (37), 
113 (21),. 



[M-H2OI*). 394 (12); 306 (46)^ 
181 (63), 166 (99), 139 (100), 
71 (23), 57 (33), 43 (28). 



- C26H39C$NS 



bar. : 
gef • : 



493.2498 fUr CM-HaOJ 
493,2475 



Baiaplal 2i 

varbiaduag lb 



55 mg (0.111 mmol) Epothilon A warden in 0,5 mi Tecrahydrofuran 
geloat, mit O.S ml i N Salza&ura varaeczt und 30 Mlnucan bel 
Raumtemparatur gerOhrt. AnachlieSend wird mit 1 N Phoaptiatpuf far 
pH 7 vareaC2C und dia wifiriga Phaae vicrmal mic Ethylacecac ax- 
crahiart. Die varainigcan organiachan Phaaan wardan mlc gaaAC- 
tigtar Katrlumchlorid-LAaung gawaachan, Qbar Natriumaulfae ga- 
trocknat und vom L&aungamittel bafraic. Dia Relnigungi dea Roh- 
prodtiictaa arfblgt mit Hil£a dar prAparacivan Schichtchromaco- 
graptila (Laufmittal: Dlehlormathan/Mat)ianol, 90 : 10)1. Auabauces 
19 mg (32 %) 
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Rf (Dlchlormachan/Meehan ol , 90 : lo) ; 

IB (F il m? i ny . 3441 (s. br, Sch) , 2948 («. S<jw . 1725 

(vB, Sch), X4«2 (m), 1391 (w) t 1265 {ml, 

11S4 (w), 972 (m, br, Sch) cmt^. 

I 

VY (MfithanQll ; lambdan^ (Ig epsilon) « 210 (4.29), 2f0 (4.11) 
nm. 

MS (29/79 fiV) ■ m/« (%) - 529 (13 [M*J ) , 494 (10), 3412 <3«), 30« 

(23), 194 (32), 1€4 (100). 140 (31), 113 
(15), 57 (1«). 

4 ■ 

HOChfl^flftgUnqt C26K40O6CINS bar. : S29.2265 fur liM^] , . 

gef.: 529.2280 



Bai«pl«l 3t 

Varblndung le 

25 mg (0.047 mmol) 12 -Chlor* 13* hydroxy «epoChi Ion A (lb) werden 
in 1 ml OlchloriMthaa gel&st« mlt 29 mg (0.23S mmol) Dimachyl- 
aminopyridin, ISl m1 (1.081 mmol) Trieehylamin und 20i m1 (0.517. 
mmol) 98 %-iger AmelaenaAura versetst. 0mm Reaktionagemidch wird 
mit Ci«/Naeriurachlorid abgekOhlc. Nach Srrelchen von -is •€ wer- 
don dam Reaktionagemiach 40 m1 (0.423 mmol)' Eaaigaauraanhydrid 
zugagaban und 70 Minuean bai -15 "^C genahrt. Nachdem ein DOnn- 
achichcohromacogramm kainan vollatAndigan Umaaca ansaigc, werdan 
dam Raaktionagamiach waicara 6 mg (0.047 mmol) 
Dimathylaminopyridin« 7 (0.047 mmol) Triathylamin* . 2 fil 
%-iga AmaiaanaAura (0.047 mmol) und 4 til (0.047 mmol)' 
EaaigaSuraanhydrid zugaaaesc und 60 Minuean garQhrt. £ur 
Aufarbaitung wird daa Raaktionagamiach aut Raumcemparacur 
arw&rmt, mit 1 H Phoaphatpuffer pH 7 veraatzt und diajwASrige 
Phaaa viarmal mit Bthylacatat axcrahiart. Die vcrainigten 

I 
I 

I 

i 
I 

I 
I 



0.46 



- 11 - 



orgaaxachen Phaaen werden mit gesAttigter Natriurnchlorld-Wsung 
gewa«han. uber Nacriumaulf at getrocknet und vom Ldsungemttcal 
bafreit. Die Rainigung dea . Rohproduktea erfolgt mlc Hilfe der 
praparativan Schichtchromatographie (Laufmitcel: 
pichioxTnachan/Acaton, 90 : lO) . Auabauca; s mg (le %J| 

Rf (Dichlormathan/Acacon . so : lo) : 0.67' 

tP ^ ltn) ' ny - 3457 (w. b, Sch) , 2940 (a, b, 3ch) , 1725 

(va). 1468 (m, b. Sch), 1379 (m) , 1265 
(e). 1253 (a), 1175 (va) , 972! (m, b, 
Sch), 737 (a) cra'^ 

MS ( 2 fl/7Q ^y) > m/a (%) - 613 (9 .(M^), 567 (43), 472 (63), 382 

(23), 352 (21), 164 (100), ISl (33), 96 
(31) . 69 (17) , 44 (26) . 

HQChaw^aflUngi C2aH4o09NSCl bar.: 613.2112 fur (M^J 

gef.; 613.2131 



Balaplal 4i 
Varblndung id 

10 mg (0.020 mmol) Epochilon B warden in 0.5 ml Tetrahydrofuran 
galdac, mic 0.5 ml 1 m SalzaAura varaeezt und 30 Minuten bei 
Raumtemparatur garOhrc. Anacifiliedand wird mic 1 M Phoaphatpuffer 
pH 7 varaacac und die w4&riga Phaaa viermal mic Schylacacac ex- 
Crahiert. Die vareinigcan organiachen Phaaan warden mlc gaaAC- 
Cigcar Kacriumchlorid-Ldaung gewaachan, Ober Nacriumaulfac ge- 
crocicnec und vom Ldaungamiccal bafreic. Die Rainigungi dea Roh- 
produlccea arfolgc mic Hilfa der prflparacivan Schichcchromacogra* 
phie (LaufmiCCel: Dichlormachan/Aeecon, 85 : 15) . 
Auabauca: 1 mg (9 %) 
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i ■ 

* 

i 
1 

Rf (Pichlorroethan/Aceeon , 85 : 15) : o.38 

na { 2 g/7Q fiY) ' m/m (%) . 5« (3 ) , S07 , 320 (19), 234 

(9), X94 (17), 182 (23), 164i(100). 140 
(22) , 113 (14)., 71 (13) . 

HQCh a uflOflMng' , C27H42O5N5CI ber.: 543.2421 fQr jlM*] 

gef.s 543.240S 

I 

Balapl«l St 

V«rblnd\mg 2 a 

100 mg (0.203 mmol) Epothilon A werden in 4 mi Tecraltydroturan/l 
M Phosphacpuffer pH 7 (1 ; i) gel6at und aolanga mit watriumbor- 
hydrid (150 mg • 3.965 mmoX) varseczt bia daa EduXc i;auc DOnn- 
aehlchtchrotnacogramm vollacfindig abreagiart iat. Anadhliefiend 
wird mit 1 M Phoaphatpuffcr pH 7 verdQnnc und dia wdflriga Phaaa 
viarmal mit Ethyiacetat axtrahiart. Die vereinigcan arganiachan 
Phaaen warden mit gealttigter Matriumchlorid-t-daung gawaachen, 
Qbar Natriumaulfat getroeknae und vom Ldaungamittal befrait. Die 
Rainigung daa Rohproduktea erfolgt durch Kieaalchromatographie 
(Laufmittols Dichlormathan/Acaton, 35 : 5 * grad * najch Dichlor- 
machan/Acaeon, 8S : IS) . 

Re (Dlehlerm«chan/Ae«eon, 7S : 25): 0.2? 

IR (PI lit » ny • 3413 (8. b. Sch) . 29CS (vs. sch) , 1734 

(vs) , 1456 (ffl, b, Sch) , 1363 dm, Sch) , 

a 

12S4 (8, b. Sch). 1184 (m, b. ,Sch) , 1059 
(8, Sch) , 966 (a) , 885 (w) , lil (m) em~^ 



I 
I 
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4 

Ma ( 2 Q/7g qV) ' m/e (%) - 49S (6 [M^l ) , 477 (8), 432: (12), 394 

(9), 364 (16), 306 (49), 194 :(19) , 178 
(35), 164 (100), 140 (40), 83! (21), SS 
(27) , 

HgghflUfifla^nq? C26H4X06N3 ber. : 49S.26S5 £Qr (M*] 

gtt.i 495.2623 

I 

B€l8pi«l 6t 

VKbindung 3a-d (a*d «ind 8t«r«ol«om«r«) 

100 mg 10.203 mmol) Epothilon warden in 3 ml Pyrldln :gelO»c, mlc 
50 Mi (0.686 mmol) Thionylchlorid veraeczc und 15 Mlnuten bei 
Raum temper a tur ger^hrt, AnaehlieSend wird mit i M Phaaphatpu££er 
pH 7 verseczc und dim wASriga Phaae viermal mic Ethyliacccat ex* 
trahiert. Die vereinigten organischen Phasan warden mlc geaac- 
tigter Natriumchlorid-Lfiaung gewaechen, Ober Natriumaiulfac ge* 
crocJcnec und vom LAaungamittel befrcit. Die Reinigung dea Roh- 
produ)ct:ea und Trennung der viar Steraoiaomeren 3a-d erfolgc mlc 
Hllfe dar pr&paraclvan Sehlchcchromacographla (Laufmictel: 
Toluol/Machanol, 90 : 10) . 

varblnduag 3a 

Auabau^a; 4 mg (12 %) 

* 

Re (Toluol/itethanol. 90 : lO) : O.SO . 

TP fPtlml t ny • 2961 (m. b, Sch) . 1742 (v») . 1701 (vs) , 

1465 (m, Sch), 1389 (m, Sch) . il238 (a. 
Sch). 1210 {vm, Sch). 1011 (S.j Sch). 957 

(a, b, Sch). 808 (m. Sch), 7«a (a, Sch) 



4 
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PY (Methanol) i lambdan,m (Ig apsilon) - 210 (4.50). 2«8 (4.35) 

niR« 

Ma (20/70 CV> , J m/e (%) . 539 (40 CM*]). 457 (22). 3«2 (16). 31S 

(27), 222 (30), 178 (30), 1(4| (100), 151 
(43), 96 (38). 69 (29), SS (28), 43 (20): 

Hoehaugiaamiar, e^^u^^n^naj ber. : 539.2011 fOr (N*^] 

V«rblnduii9 3b 

■ 

AuBb#utaf 14 mg (13 %) 

Rf (Toluol /Methanol « 90 : 10): 0.44 

IR (Film)j. ny - 29€3 (a. br, Sch) , 1740 (vs) . .1703 (a). 

1510 (w) , 1464 (m, br, Sch) , 1389 (m, 
Sch)i 1240 ia, bx, Sch), 1142 ;(m), 107$ 
(w), 1037 (w), 1003 (m), 945 {a, br, 
sch), 806 (m, Sch), 775 (a), 737 (m) cm" 



tfV (f^gthanol) ; lambdan^^a, (Ig epailon) » 2ii (4.16), 250 (4.08) 
nm. 

MS aa/ia mv\ ♦ m/« (%) - 539 (27 [M'*'] ) . 478 (17)-. 322 (41). 306 

(67). 222 (16). 206 (17) . 194 i (19) . 178 
(32), 164 (100). 151 (33). 12S (18). 113 
(IS), 96 (39). 81 (23). 64 (58). 57 (42). 
41 (19). 

UfifihauUfittUaU. C2SH3707NS3 b«r.: 539.2011 COr ln*l 

9a£.: S39.1998 



I 



IS - 



V«rbiad«ag 3o 



Auabmir^. 4 mg (4 %) 

Rf (Toluol /Methanol. 90 : lO) t 



0.38 



MS \2QnQ rV) i m/« (♦) . S39 (5x (M*i ) . 32a (22). 305 (S3). 222 

.136), 178 (31), 164 (100), 151 (41) , 98 
(25), 81 (20), 69 (26), 55 (2$), 41 (25). 



i 



HOghattglflg^ngt ber.: 539.2011 fdr [M^] 

gaf.: 539.2001 



V«rbindun9 3d 



Auflbftuf I 1 mg (1 %) 

Rf (Toluol/Methanol, 90 : 10) : .0.33 

MS flY) i ««/• (%) - 539 (69 [M*)), 322 (35). 306 (51), 222 



B«lapi«l 7t 

Vtrbinduag 4a 

10 mg (0.020 fiunol) Epothilon A warden in 2 ml Olchlormachan ge« 
Idat, au£ -70 «C abgakOhlt und anachlieSend S Ninutan!mic Oson 
bit zur achwachen Blaufirbung behandelc. Oaa reaulciarende Reaic- 
Clonagemisch wird anaehliefiend mit 0.5 ml Dimethylaulf id ver- 
setze und auf Raumtemparatur erwArmc. Zur Aufarbeitung wird das 
Reaktionsgemiach vom LAaungamiccel b freit und achlieftlich durch 



(41), 178 (31), 164 (100), 151 (46) , 9fi 
(31), 81 (26), 69 (34), 55 (33), 41 (35) 



HQchaufl&flunyr C26H37O7NS2 



ber 



539.2011 far (M^J 
539.1997 



ge£. : 
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preparative Schichcchromatographie (Laufmictel Dlchlor 
methan/Acccon/Mechanol. 85 : lo : 5) gereinige. 

Auabftucft ; s mg (64 %) 

Rg ^Pichlorinqthan/Aceton/Mqchanol, as : io : 5) 



0.61 



3468 (8, br, Sch), 2947 (a, br, Sch), 
1734 (vs, Sch), 1458 (w). 1380 (w) , 1267 

Iw), 11S7 (w), 1080 (w), 982 (w) crm-^. 



tfV (HotthanffU ■ lambdart^^jc <lg epailon) « 202 (3.53) nm. 



Mfi /^Qy7n , m/e (%) 



■ 398 (2 (M*l), 380 (4), 267 (14), 249 

(17), 211 (20), 193 (26)/ 171' (34), 139 

(34), 111 (40), 96 (100), 71 (48), 43 
(50) . 



Hoehauf lAaun^j^ ^2lH3407 bar. : 

gaf. : 



398.2305 for (M^l 
398.2295 



Balapial 8t 
Vafblnduag 6a 



10 mg (0.018 mmol) 3 , 7-01-0- formyl-epothi Ion A wardan in l ml 
Dichlormachan geloac, mic 27 ^1 (0.180 mmol) 

l,8-DtaaabicyclotS.4.0jundac-7-cn (DBU) vcrmmczc und 60 Mlnucan 
bai Raiuntamparatur garOhrt. 

Zur Aufarbaieung wird daa Raaktionagamiach mit i N Natriumdi- 
hydrogenphoaphac-Puffer pH 4.5 varaacst und dla wAOriga Phaae 
viarmal mic Ethylacacafe axcrahiart. Oia varainigtan organiachan 
Phaaen warden mit geaAttigcar Nacriumchlorid-L^aung yewaachan, 
Obar Nacriumaulfat gatrocicnat und vom Ldaungamiccal bafreic. 
Nach Beaaicigung das LAaungamitcal wird daa raaulciarenda Roh- 

* 

pr dukt in 1 ml M thanol g Idac, mit 200 m1 oinar ammDnia)cali- 
achan Mathan 116aung (2 mmol NK3/ml Mechanol) veraaczt und Qbar 
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Nacht bmi Raumcemperacur gerahrt, Zur Aufarbeicung wird das L6 
aungsmlttel im Vakuum entfernt. 

Auflbgtit!^ , 4 mg <22 %) 



Rf (Dichlormechan/Aceton, 85 : 15) : ' 0.46 



^R fFilm)^ ny 



• 3445 (w, br, Sch), 2950 (va, hx, Sch), 

1717 (vs. Sch), 1644 (w), 146S (m, Sch) , 
1370 (m, SCh), 1267 <s, br. SCh) , 1179 
(a, Sch), 984 (a, Sch), 860 (w) , 733 (m) 
cm ^ 



VY (Mfithflnql) • lambda^^,, (Ig apsilon) - 210 (4.16) 



nm; 



MS (2Q/1Q mV) 



m/m (%) . 475 (28 (M*) ) , 380 (21), 322 (37), 318 
(40), 304 (66), 178 (31), 166 1(100), 151 
(29), 140 (19), 96 (38), 81 (20), 57 
(26) . 



HQchaufia9un<p. C2 6 H3 7O5NS 



bar. : 
gef . 



475.2392 fQr [M'J 
47S.2384 



Baiapial 9t 
Varbindung 6b 



SO mg (0.091 mrnol) 3 , 7-Di-O-f ormyl-epcthilon A (werden in 1 ml 
Oichlorethan geldac. mic 2 ml (0.013 mol) 

1.8-Diazabicyclo{5.4.0]undec-7-an (DBU) varaeczc und 12 Sciindan 
bei 90 •€ garthrt. 

Zur Aufarbeitung wird daa Reaktionagemiach mic 1 N Nacriumdihy* 
drogenphoaphac-Puf far pH 4.5 veraaczc und die wAAriga Phaae 
viarmal mic Cthy lace tat extrahiert. oie vereinigcen organiachen 
Phaaen warden mlt geaAttigter Hatriumchlorid*Lda\ang gewaacheni 
ubar Natriumaulfat getrocknet und vom lidaungamitcal befreic. 



* 
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Die Reinigung deo aus zwel Verbindungen beacehenden R<>hproduXce« 
erfolgt mictela prSparativer Schichtchromacographie (taufmictel: 
Oiehlonnschan/Aceeon, 90 : lO) . 



J, 7 mg (IS %) ; 

* 
I 

Subfltanzeode 

Rf (Dichlorme than/Ace con, 90 : 10) : o.62 

IR (Ftiim) ■ ny - 2951 (m. br, Sch) , 1723 (vs) . X6** (w, 

br, Sch) . 1468 (w) . 1377 (w) , 1271 (m, 
br, Sch) , 1179 (a) » 987 (m. brj Sch) . 73S 
(w, br, Sch) cm"^. 

OV (MgfchanaH . lambdam^jt (Ig epailon) • 210 (4.44) mil. 

Mfl (2Q/7Q AVI . m/e (%) . S03 (68 [M^l ) , 408 (S8) . 390j (32), 334 

(25), 316 (34). 220 (21) ,. 206 (27). 194 
(20), 181 (33), 164 (100), 151 I ( 34 ) , . 139 
(28), 113 (20), 96 (82), 81 (33). 67 
(24). S5 (26) . 43 (22) . 

tfoehauflAfluniy: c^^Hj^Qgwa ber. : 503.2342 fQr Cm**^) 

gef.: 503.2303 



V^rbiadmig <e 

■ 

5 mg (0.009 mmol) 3, 7-Oi-O-acatyl-epochilon werden in 1 ml 
Methanol gel6at, mit ISO fil einer ammoniakalischen MatKanol* 
lAaung (2 mmol NHs/ml Methanol) verse tzc und Ober Kacht bei so 
•C gerOhrt. 

Zur Aufarbeitung wird daa Ldaungamittel im Vakuum entfbrnt. Die 
Reinigung dee Rohpr duktee erfolgt mit Kilfe der prAparativen 
Schichcchromatographi (Laufmittel: T luol /Methanol, 90 : lO) . 



« 



I 
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Auabeufc*. • 3 mg (67 %) 

Rf (Dichlorme ehan/Aceeon, 90 : lO) : 0.S5 

IB iZiimii ny - 2934 (a. b, Sch) , 1719 lv», bi Sch» . l«4l 

(m) , 1460 (m, Sch) , 1372 (s, iSch) , 1237 
(ve, b. Sch), 1179 (8. Sch), 1020 (a), 
963 (a, Sch), 737 (vs) cm'^-. 

W (MeChanftl I • lambda^, (Ig epailon) - 2lO (4.33) nm.. 

Hg ( 2 0/79 BY) r (%) - si7 (S7 [m*] ) , 422 (S8). Ji8 (31), 194 

(20), 181 (34). 166 (100). ISl (31), 96 
<96). 81 (32). 69 (27), 55 (29), 43 (69). 
HQChflUgiaflUngr CjsHaaO^NS bar.: 517.2498 COr (M-^)l 

geC. : 517 2492 

B«l8pi«l II: 

Varblndung 7 a 

20 mg (0.041 mmol) Epothilon warden in 0.5 ml Methanol geldat, 
mlt O.S ml l.N Nacronlauge verseest und 5 Minuten bell Raumcenqp«- 
racur gerOhrt. 

Zur Aufarbeitung wird daa Reakcionsgemiach mic i M Phoophae- 
puffar pH 7 varsetst und die wAfirige Phase viermal mic EChyl- 
acetat excrahierc. Die vereinigten organischen Phaaeni werden mic 
geaSttigcer Katriumchlorid-Ldaung gewaschen, Qber Nacriumaulfat 
geeroeienac uiid vom Ldaungamitcel befrait. Oia Reinigung des Roh- 
produktea erfolgt mit Hilfe der pr&parativen Schichcchromaco- 
graphie (Laufmittel; Dichlormethan/Methanol, 85 : 15)'. 



I 
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Au»baut«». 11 mg (52 %) 

Re (Oiehlonmehan/Mcchanol, as : IS) : 0.92 

IR (Film) ■ ny - 3439 (s. hr, 3ch) , 2971 (va. bx. 3ch) , 

1703 (v»), 1507 (m), 1460 (•.! Sch) . 1383 
(in, Sch). 1254 (w) , 1190 (w, br, Sch) , 
1011 (w. br, Sch), 8fi< (w, brd , 729 (s) 

MS (2q/7Q CVl 1 tn/e (%) • 423 (O.l Cm^J ) , 323'{4), 16^ (89), 140 

(100). 8S (31), 57 (67). 
tfoehauf laaung > C23H3704NS ber. : 423.2443 CUr [M^] 

gef.: 423.2410 



B«lflpittl 12 I 

V«rblBduag 7b 

5 mg (0.009 mmol) 7-0-Acetyl*epothilon werden in 1 mlj Mechanol 
gclAflt, mic 200 elner antmonialcaliachen Mechanol Id^ung (2 mm 1 
NH3/ml Mathanol) varaetsc und zwei Tags bol SO *C gerOhrc. Zur 
Aufarbaitung wird daa LAaungamlctel im vaJcuum encfemc. Die Ral- 
nigung daa Rohproduktea erfolgc mic Hilfs der praparaciven 
Schichtchromatographie (Laufmictels Toluol /Methanol, 90 : 10). 

Auab^ufcat 3 mg (59 %) 

(Diehlormachaa/Methanol, 90 : 10) : 0.(3 

ift (Film) f ny - 3441 (m, b, Sch), 294« (a, Sch), i732 

(va), 1600 (w), 1451 (m), 1373 (m) , 1246 

(a, b, Sch) , 1013 (m, b, Sch) |cm'^ 



lambda«„ (Ig cpailon) - 211 (3.75), 247 (3. 59) 



nm. 



I 



■ -- • • ' ! 

I 
1 

I 

I 
t 
• 

• - 21 - I 

I 

« 

Ma mm sVI i m/e |%) - ss? d im*}). 4«s (4), 422 (b), asa 

(5). 194 (5). 182 (7), 168 (63), 154 

(17), 140 (100), 97 (10), 71 {22). 43 
(27) . 

« 

I 

Hflchayflftavnqr C29H45O8NS ber,: 567.2866 for tMt] 

9«f*: 567.3849 



« ■ 

. 50 mg Epothilon A werden in 30 iil Dimethyloulfoxid anfaldsc uad 
mit 30 ml PJioophatpuf £er (pH 7,1, ao mN) v«rdannc . Nacb Zugaba 
von S mg Se))w«inelebereaeeraaa (Fa. Boehringer Mannbeim) wird.2 
Taga bal 30 'C genflkhrt. Man a4uerc raife 2 » HCl auf pHis an und 
axtrahiarc die Epothllon«4ura 7 mit Ethylacocat. Die organiaeh« 
Phaae wird mit Natriumaul£at getroc)cnet, im Va)cuum sur Trockne 
eingadampfe. Auabeuea 48 mg (96 %) . 



Baiaplal 14 t 

48 mg Bpothilon0&ur« 7 werden in 6 ml THF abs. geldac ;und uncar 
ROhron mit 40 m1 Triothylamin und 16 m1 2. 4» 6*Trichlorbenzoyl- 
chlorid versetzt. Nach 15 min wird vom Niederachlag aUfilcrlart 
und innarhalb von IS min unter achnellem ROhren in airia eiadenda 
Ldaung von 20 mg 4 -Dimethylaminopyridin in 200 ml Toluol ab». 
gacrop£t. Nach weicaran 10 min wird im Valcuum aingedampfc und 
der RQckfltand awiaehan Ethylacatat/Citratpuffar (pH 4){ vartailc* 
Oar Cindampfnlckatand dar organiachen Phaaa argibc nacsh prapara* 
tivar HPLC Trannimg 15 mg Bpochilon A. ; 

« 

• 

1 
1 

I 

! 



I 
■ 

i 
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Btti«pi«l IS: 

Bpothiloa* C und D ala Au»g«ng«v«rtlad\ing«n 

A. Produktloaa.t.™ ua<l Kulturbadingung^n •ac.pr.ehMd dea 
thilon BA«i«pataat. 

B. Produktloa mit DSN 6773 

7S.1 Kultur werden wie im Baaiapatent beschrieban angezogaa uad 
sum Animpfen aiaeo Produktionsf armcncera mtt 700 1 
Produktlonamadlum aua 0.6 \ Starke. 0.2 % Olukoaa, 0,2 % 
Soyamehl, 0.2 % Hefaaxcrakt, 0.1 % CaClj x 2H2O, O.X % Mgso4 x 
7H2O, 8 mg/1 Pe-EOTA. pK - 7.4 und opcional IS I Adaortoerhara 
Amberlica XAD-IS verweadet Die Permentatioa daucrc 7 • 10 Taga 
bei 30 C, Beliiftuag mit Luft/h. Oorgh fleguiierung der 

Drahzahl wird dar p02 bai 30 % gehaltan* 

C. iMolimrMag 

Das Adeorbarhart wird mit einam 0.7 m^, 100 mesh ProzaiSf ilcer 
voa der Kultur abgetrennt und durch Waschen mit 3 Batcvolumea 
Wasaar/Methanol 2:1 von polaren Beglelcscoffen befreic, Durch 
ElutioB mit 4 Bettvolumea Methanol wird ein Rohexcrakt gewonnen. 
dar i. Vak. bis sum Auftreten dar wasserphaae elngedampfc wird. 
Oieae wird dreimal mit dem glaichen Volumen Ethylacecat 
•*t*'*hierc. Eindampfen der organischen Phaae ergibt 240 g 
Rohextrakt. der zwiachen Methanol und Keptan vertallt wird, um 
lipophila Bagleltstoffa absutrannen. Aus der Methanolphase 
warden durch Eindampfen i. Vak. 180 g Raffinat gewonnen, daa in 
drei Portioaen uber Sephadax LH-20 (saule 20 x 100 cm,i 20 ml/min 
Methaaol) fraktioniert wird. Die Epothilone sind ia dar mit 240 
- 300 min Retentioa.azeit eluierten Fraktioa von inageaamt 72 g 
eathalt a. Zur Tr aaung dar Epothilone wird in drei Porcionen an 
Lichr aorb RP-18 (15 i^m, SBule 10 x 40 em» Laufnittel 180 ml/min 
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Methanol /Wafiser 65:35) chromatographiert . Nach Epochiion A und B 
warden mic - 90-95 min Epothilon C und 100 -no min Bpcchllon 
D eluiert und nach Eindampfen i. vak. in elner Ausbeuce von 
jewalla 0.3 g ala farbloae 6la gawonnen. 

D. Phyalkallacha Eigaaachaf tan 



n 




Epothilon C R • H 
Epochilon 0 R • CK3 

Epoehiloa c 

* 

C26H39NO5S (477] 

ESI-MS: (poaiciv Xonen) : 478.5 £0r CM*HJ * 
IH und 13C siehtt NKR-TalMll« 

* • 

DC:Rf • 0».82 

DC-Alu£olie 60 P 254 Merck* Laufmittel: Oichlonne than /Methanol • 

9:1 

Datektion: UV-Ldaehung bai 254 nm. Anapnahan mit Vanlllin-dchwe- 

£ela&ure**Reaganz, blau-graue An£Arbung bairn: Erhitsan 
au£ 120 

« 

■ 

HPLC:Rt - 11.5 min 

SAul«: Nueleeail 100 C*i8 inm, 12s x 4 mm 



Laufmitcel: Methanol/Waasar a 65:35 
FluS: iml/min 
Detaccion: Oiodanarray 

■ 

xpotuxion o 
C27H41NO5S (491) 

BSZ-M5: (poaitiv lonen) : 492, S fttr IM*H1* 

t 

IH und 13C sleha NMR-Taballa 
DCiRf • 0,82 

DC-Alufolia 60 P 254 Merck, Laufmittel: Dichlormechan/Mathanol 

9:1 

Datekcion: UV-Ldachung bai 2S4 nm. Anepruhan mlc vanillin-Schwa 

fdlaAura-Reaganz. blau-graua Anfarbung balm Erhitzan 
auf 120 ^C. 

HPLC;Rt - 15,3 min 

saula: Nucleosil 100 C-18 7;xro/ 125 x 4 mm 
Laufmitcal: Mathanol/Waaaer « 65:35 
Flufi: Iml/min 
Dacaction: Oiodanarray 



I 

i 



• 25 • 



I 



Tabello; 'H-und '^C-wiR oaean voa Epochllon C und Pn«i.K4i«- / 
tO.lDMSO bei 300 MHs P«t«i-Lon c und EpoChllon D ta 



H-Atom 



8pochilon c 

6 C*Atom 

(ppm) 



(ppm) 
170.3 



6 

(PPIR> 



epaehilen 
C-Atdn 

1 1 



2«Ka 


2.38 


2 


38.4 


2.35 


1 

1 

2 i 


2-Hb 


2.50 


3 


71.2 


2.38 


3 : 


3-H 


3.97 


4 


53.1 


4.10 


4 : 


3 -OR 


5.12 


5 


217.1 


5.08 


S 


6«H 


3 .07 


6 


45.4 

* 


3.11 


6 


7-K 


3.49 


7 


79.9 


3.48 


7 


7.0H 


4.44 


■ 

8 


35.4 


4.46 


8 : 


8-H 


1.34 


9 


27.6 


1.29 


9 


9-fra 


I.IS 


10 


30.0 


1.14 


10: 


9-Hb 


1.40 


11 


27.6 


1.38 


11 : 


io*Ha 


1.15* 


12 


124.6 


1.14» 


12 i 


lO^Hb 


1.35* 


13 


133.1 


1.35» 


13 i 


11-Ha 


1.90 


14 


31.1 


1.75 


14 i 


ll*Hb 


2.10 


IS 


76.3 


2.10 


IS i 


12 -H 


5.38»» 


16 


137.3 




16 « 


13-H 


5.44»» 


17 


119.1 


5.08 


17 : 


14-Ha 


2.3S 


18 


152.1 


2.30 


18 : 


14-Hb 


2.70 


19 


117.7 


2.65 


19 • 


IS-K 


5.27 


20 


164.2 


5.29 


20 : 


17.H 


6.50 


21 


18.8 


6.51 


21 : 


19«H 


7.35 . 


22 


20.8 


7.35 


22 


21*H, 


2.CS 


23 


22.6 


2.68 


33 


22 -Hi 


0.94 


24 


16.7 


0.90 


* 24 : 


23 -H, 


1.21 


25 


18.4 


1.19 


25 


24«H, 


1.0< 


27 


14.2 


1.07 


26 - 


25«K^ 


0.90 






0.91 


27 ; 


2€«K, 








1.63 


* 


27-H, 


2.10 






2.11 





(pplfl» 

170.1 

39.0 
70.8 

53.2 
217.4 
44.4 
75.5 
36.3 
29.9 
25.9 
31. 8< 
138.3 
120.3 
31. 6« 
76.6 
137.2 
119.2 
1S2.1 
117.7 
164.3 
18.9 
19.7 
22.5 
16.4 
18.4 
22.9 
14.1 



*, ** Zuordnun? varcA\i«chbar 
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Bsliplal 15 t 

Spethlloa A uad ia.l3-Bla«pi-«potliUon A mua Bpochllion C 

< 

50 mg Epothilon A werden in 1.5 ml Acacon galQst undj mit 1,5 ml 
ainer 0.07 molaren Ldaung von Oimethyldloxiran In Acaton ver- 
saC2C. Nach 6 Stundan Scahan bai Raumcemparacur wirdi i. VaK. 
aingadampft und durch pr4parativa HPLC an Kiaselgal jCLaufmictal 

Mathyl-tarc.butylathar/Patrolather/Mathanol 33:66:1)1 gacrannt. 

I 

Auabeute : ! 

25 mg Epochllon A, R^* « 3|S min (analyc. HPLC, 7 Mm, i S Aula 4 x 

250 mm, Lauftnittal s. o., Flutt l.S ml/min) 
und ' 

20 mg 12,13-Biaapi-epothilon A, R^ » 3.7 mln, Edl^MS; (poa. 
lonan) ' 

m/2 - 494 [M+HJ* 

^H-NMR in (D4] Maehanoli auaga- 
wihlta Signaltt! dalta •i;4.32 

(3-H), 3.79 (7-H), 3.06: (12-H), 
3.16 (13*H)« 5.54 (15*H), 6.69 
(17-H)« 1.20 (23-H)« 1.45 (23*HK 



II 1 




0 



OH 0 



12* 13 -Bisepi- epothilon A R « H 



i 
I 



.1 



I 
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I 



1. Epothllonderlvat dar Formal 1 

I 

i 













If j 









1 



wobei R - H, Cx.4-Alkyl; R^, R^ . H, Cx.«-Alkyl, C^.g-Acyl, 
Bansoyl, Cx.4-Tri«lkyl«ilyl« Benzyl, Phenyl, Ci^g-Mkoxy., C^- 
Alkyl-, Hydroxy- uad halogeneubetituiertea Bensyl bsw. Phenyl; 
und aa alch bal dan in dan Reaean enthal tenan Alkyl* bsw. Acyl- 
gruppan um gradketciga odar verzwaigca Raata handelt, und Y und 
Z ant%radar glalch odar varachledan aind und jawaila fQr 
Waaaaratoffi Halogen* Paeudohalogen, 0H# 0* ICi^^i^kcfX, o«(Ci. 
^)-Alkyl Oder 0-Benaoyl atehen oder gemeinaam daa O-Atom einea 
Epoxide Oder eine der C«C-Bindungen einer C-C-Doppelbindung 
bildeni %#obei Epothilon A uftd B auagenomin aind. 

i 
I 

2. Cpothilonderivat der F rmel 2 
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Oft' OR' 



2 



WQb«i R • H, Cx-4-Alkyl; R^, R^. R^ - H, Cx.g-Alkyl. Ci.g-Acyl. 
Benzoyl, Cx.4-Trialkyloilyl» Benzyl, Phenyl, C^.^-Alkoxy-, C^- 
Alkyl-, Hydroxy- und halogensubetituiertea Bensyl baw;. Phenyl; 
es aich bei den in den Resten enthaltenen Alkyl* bsw.'Acyl- 
gruppen urn gradXeccige odec verzweigce Reete hendelt;, und Y und 
Z die Bedeucungen gemiA Aneprueh i beeiczen. 

3. Epochilonderivat der Formal 3 




3 



I 
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wobei R - H, Cx.4-Alkyl; R^, R^ - H. C^.e-Alkyl. Ci-g^Acyl. 
Benzoyl, Cx.4*Trialkylsilyl, Benzyl, Phenyl, Cx.6*^k^xy-, Cg- 
Alkyl-, Hydroxy und KeXo^enaubatlculesxea Benzyl bswi PMnyl^ 

ea sich bei den in den Reaten enthaltenen Alkyl- bzw. |Acyl- 
gruppen urn gradkectige Oder verz%#eigee Reeee handelt, und x all- 
gemeln f&r -0(0) -CCS)-, -S(OI-, -CR^R^- und -SiRa* : ateht, 
bai R, R^ und R^ die Bedeutung haban wie oben angageben und R^ 
und R^ auch zuaammen eine Alkylengruppa mit 2 bis 6 K^hlenotoff- 
acomen bilden kdnnen; \ind Y und Z die Dedeutungen gmifi Anapruch 
1 beaitzen. .1 



4. Epothilonderivac dar Formal 4 




OR* 0 



I 



4 

■ 

wob«i R • H. Ci.4-AIkyl; R^. R*. . R*. R^ - H, Ci-erAlkyl. 
Cx.e-Acyl. Beatoyl, Cx.4-TrUlkyl«ilyl, B«n«yl , Phony). , Cj,.«- 
Alkoxy, CcAlkyl-. Hydroxy* und halogenetibatituiorteb Bensyl 
bsw. Phenyl; mm aich bei den in den Reaten enchaleenen Alkyl- 
b»w. Acylgruppen urn gradkettige oder versweigce Raete handalt. 
Saueracoft. VOR^, m-hR*r', und M-NHC0im*R5 bedeucac, vobei. die 
Reate R^ bia R^ die oben angegebene Bedeutung haben uhd R* und 
r5 auch zuaammen eine Alkylengruppe mit 2 bia < Kohlehatoif- 
acomen bilden kdnnen; und 

Y und 2. die Bedeucuageh gemift Anapruch l beaitian. 
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5. Spoehilonderlvac d«r Formal S 

0 OR' 0 

5 

wobei R - H, Ci.4-Al)cyl; R^, R^ - H, C^.g-Alkyl, Cx.$:Aeyl« 
Benzoyl, Ci.4-Trialkyl«ilyl, Bansyl, Phenyl, Cx.6-Al)cOxy*« Cg- 
Alley l-f Hydroxy- und halogenaubetituiertes Densyl bawl Phenyl i 
ee eieh bei den in deh Reeeen enehaltenen Alkyl- bsw. Acyl- 
gruppen urn gradkettlge oder verzweigte Reste handelcund X 
Waeeeretoff, C^.^g-Alkyl* Cx.i8*Acyl, Benzyl, Benzoyl. und Cinna 

moyl bedeucet und 

Y und Z die fiedeucungen gemAfi Anapruch 1 beaiezen« 
€. Bpothilonderivat der Pormel 6 




! 



I 



t 
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wobai R - K, Ci.4-Alkyl und - H, Ci.s-AlJcyl, Ci,^-Jicyl, 
Benzoyl, Ci.4-Trialkyl«ilyl. Benxyl, Phenyl, Ci.^-Alk^xy-, 
Alkyl-, Hydroxy* und halogenaubscituiertea Benzyl bzw^ Phenyl 
iat; ea aich bei den in den Reaten enthaltenen Alkyl- ibsw. 
Acylgruppen um gredkettige oder verzweigce Reafte hend^ltj und 
y und Z die Bedeucungen gemAA Anaprueh x bealesen. 

I 

m 

7. Epoehilondarivae d«r Formel 7 




OR* 0 



7 



wob«i R - H, Ci.4-Allcyl uad R^, R^. R^, R* - II, Ci-c-Alkyl, Cx-« 
•Acyl, Bsasoyi, Cx.4-Tri«I)cylailyl, Benzyl, Phenyl, C^.$-Alkoxy, 
CcAlkyl-, Hydroxy- und halogenaubatltuiereea Sonzyl Ijtsw* 
Phenyl; ea aich bei den in dan Reaten enthaltenen Alkyl- bsw. 
Acylgrupp«n un gradketeige oder verzweigce Reace handilti und 
Y und Z die Bedeutungen gemAfi Anaprueh i beaitsea. 

8. Verfahren xur Keratellung elnea Bpethilonderlvate der Formal 
7 genAft Anaprueh 7. dadureh ge*enaseiehaae, daft man B^thilon A. 
Epothllon B. ein 3-0K-geach4t«tea Oerivat daraelben o^r eln 7- 
OH-geaehfltscea Oarlyat daraelbea 
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■ 

(a) enzymaeiach hydrolyaiert, inabeaondara mit ainar Cacaraaa 
odar Lipaaa* odar 

(b) in alkaliaehan Madium hydrolyaierc, inabaaondara mit 
Natriumhydroxid in ainam Mathanol/Haaaer-Oamiaeh, 

und daa Spothllondarivat dar Formal 7 gswiimc und iaoliert. 

9. Varfahran zur Haratallung ainea Epothilondarivaea dar Formal 
2 gemAft Anapruch 2« dadurch ^aJeanaaaichflae^ daft man a in 
Epothilondarivac dar Formal 7 gemAft Anapruch 7 odar ala Prodtikt 

daa varf ahrana gemAft Anapruch 8 

(a) nach dar Yamaguctii-Mathoda odar 

(b) nach dar Corey *Mathoda odar 

(c) nach dar Kallogg-Machoda 

in daa Epothilondarivac dar Formal 2 vumandalt und diaaca 
Uimwandlungaprodukc laollarc. 

10. Varfahran zur Karacellung von Epothilon A und/oder 12,13- 
Biaapi-apochilon A, dadureh gakannsaichaati dafi man Epothilon C 
epoxidiarc# inabaaondara mit Dimathyldioxiran odar aiaar 
ParaAura* 

IX. Varfahran z\ir Haratallung von Epothilon B und/odar 12,13- 
Biaapi-apothilon B, dadureh gakanasaiehaati daft man Epothilon D 
apoxidiart, inabeaondara mit Dimathyldioxiran odar mxMT 

Para Aure • 

12. Mittal far dan Pflanzanachuta in dar Landwirtachaft und 
Foreewircachafc und/odar im Gartanbau, baatahand aua einem odar 
mahraran der Verbindungen gemAfl einem der vorangahendan AnaprSi- 
che Oder ainer odar mehreren diaaar verbindungen neben einem 
Oder mehreren Oblichen TrAger(n) und/oder VerdOnnungatnittal (n) . 

I 

13. Therapeutiechea Mitcel. inabeaondara zuw Einaats ale 
Cytoacacikum, beatehend aua ainer Oder mehrerer der Vbrbindungen 
nach inem oder mehreren der Anaprdcha 1 bia 7 oder einer oder 



I 
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i 

mehrerer der Verbindungen naeh einem oder mohreren dmi AnsprAche 
1 bia 7 nebM ttin«m odar mehreren ubiichen TrAgarin): und/od«r 

VerdQnnungsmitcel (n) . 
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Zucamaanfassuns 



Dl« vorllag«nda Etllnduna b«trl££t Bpothildndarivata und 
daran varwandung. 
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Out reference: 8371-GBF November 18, 1996/he 

Epothilone C and D, Preparation and Means 

0 

« 

The present invention concerns general epothilone derivatives and their use for the produc- 
tion of drugs. Especially, the present invention is concerned with the preparation of 
epothilone derivatives according to the general Formulas 1 to 7 given below, as well as with 
their use for the production of therapeutic agents and agents for plant protection. 
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In the above Formulas 1 to 7, the symbols have the following meanings: 

R = H, C^-alkyl; 

R^ R^ R\ R\ R^ = H, Ci^-aikyi. 

Ci^-acyl-benzoyl, 

Ci^-irialkylsilyl, 

benzyl* 
. phenyl. 

Cj^-alkoxy-, 

C^-allcyl-, hydroxy and halogen-substituted benzyl or phenyl; 
also, two of the groups R^ to R^ may be combined to form the grouping '{CHq)^- with n = 1 
to 6 and the alkyl or acyl groups contained in the groups are either straight-chain or branched 
groups; 

Y and Z are either identical or different and can stand for hydrogen, halogens, such as F, 
CI, Br or I, pseudohalogens, such as -NCO, -NCS or -N3, OH, 0-(Ci^-acyl, 0-(Ci^-alkyl, 
0*benzoyl. Y and Z can also be the 0-atom of an epoxide, in which case, epothilone A and 
B are not claimed, or one of the C-C bonds can form a C=C double bond. 

m 

In Formula 3, X generally stands for -C(0)-, -C(S)-, -S(0)-, -CR'R'-, where R* and R^ have 
the meaning given above and -SiRi-, where R has the meaning given above. 

< 

In Formula 4, X stands for oxygen, NOR', N-NR*R^ and N-NHCONR*R', where the 
groups R' to R^ have the meaning given above. 

In Formula 5, X stands for hydrogen, Cm-alkyl, C,.w-acyl, benzyl, benzoyl and cinnamoyl. 

» • 

With regard to epothilone A and B, let us refer to DE-A-41 38 042. Compounds according 
to general Formula 1 are accessible starting from epodiilone A and B, as well as from their 
3-0- and/or 7-0-protected derivatives by opening the 12,13-epoxide. When hydrogen halides 
are used for this purpose in a preferred nonaqueous solvent, the halolqrdrins X = Hal, Y = 
OH and Y = OH, Y « Hal are obtained. Protonic acids, for example, tolucnesulfonic acid 
and trifluoroacetic acid, lead to 12,13-diols in the presence of water and then these are 



acylated subsequently according to standard methods (for example, with carboxylic acid 
anhydrides and pyridine or triethylamine/DMAP) or are alkylated (alkyl halides and silver 
oxide). For this purpose, die 3- and 7-hydroxy groups can be protected temporarily as the 
formate (cleaved with NHj/MeOH) or p-metiioxybenzyl ether (cleaved with DDQ). 

Compounds according to general Formula 2 are obtainable from epothilone A and B as well 
as from their 3-0- and/or 7-0-protected derivatives by reduction, for example, with NaBH4 
in methanol. If the 3-OH and/or 7-OH groups are protected reversibly during this process, 
after acylation or alkylation, and removal of the protecting groups, 5-0-monosubstituted, 3,5- 
or 5,7-0-disubstituted derivatives according to general Formula 2 can be obtained. 

Reactions of epothilone A and B with bifunctional electrophilic reagents, such as (thio)phos- 
gene, (thio)carbonyidimidazole [sic], thionyl chloride or dialkylsilyl dichlorides or bistriflates 
give compounds having general Formula 3. The bases used as aids here can be pyridine, 
triaUcylamine, optionally together with DMAP or 2,6-lutidine in an aprotic solvent. The 3,7- 
acetals having general Formula 3 are formed by transacetalization, for example, of dimethyl- 
acetals, in the presence of an acidic catalyst. 

Compounds according to general Formula 4, obtained from epothilone A and B or from 
their 3-0- and/or 7-0-protected derivatives by ozonolysis and reductive processing, for 
example, with dimethyl sulfide. The C-16 ketones can then be converted to the oximes, 
hydrazones or semicarbazones according to standard methods known to the expert in the 
field. Furthemiore, they are converted into C-16/C-17 olefms by the Wittig, Wittig-Homer, 
Julia or Petersen olefination method. 

The 16-hydioxy derivatives according to general Formula 5 are obtainable by reduction of 
die C-16 keto group, for example, with aluminum hydride or borohydride. When the 3-OH 
and 7-OH groups are protected correspondingly, they can be acylated or allgrlated selective- 
ly. The liberation of the 3-OH- and 7-OH groups is done, for example, with NHj/MeOH in 
the case of 0-fotmyl and with DDQ in the case of 0-p-methoxybenzyl. 
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The compounds having general Formula 6 are obtained from derivatives of epothilone A and 
B in which the 7-OH group is protected by acyl or ether groups, in which the 3-OH group 
is, for example, formylated, mesyiated or tosylated and then eliminated by treatment with a 
base, for example, DBU. The 7-OH group can be liberated as described above. 

Compounds having general Formula 7 are obtained from epothilone A and B or from their 
3-OH- and 7-OH-protected derivatives by basic hydrolysis, for example, with NaOH in 
MeOH or MeOH/water. Preferably, the compoimds having general Formula 7 are obtained 
from epothilone A or B or from their 3-OH- or 7-OH-protected derivatives by enzymatic 
hydrolysis, preferably with esterases or lipases. The carboxyl group can be converted into 
the ester by alkylation with diazoalkanes after protection of the 19-OH group* 

« 

Furthermore, compounds having Formula 7 can be converted into the compound having 
Formuia 2 by lactonization according to the methods of Yamaguchi (trichlorobenzoyl 
chloride/DMAP), Corey (aldrithiol/triphenylphosphine) or Kellogg (omega-bromic ac- 
id/cesiiun carbonate). The corresponding methods can be found in Inanaga et al. in Bull. 
Chem. Soc. Japan, 52 (1979) 1989; Corey & Nicolaou in J. Am. Chem. Soc., 96 (1974) 
5614; and Kiuizinga & Kellogg in J. Am. Chem. Soc., 103 (1981) 5183. 

In order to prepare the compounds according to the invention, one can also start from 
epothilone C or D, and the derivatization methods described above can be used for derivati- 
zation here, too. The 12,13-double bond can be hydrogenated selectively, for example, 
catalytically or with diimine; or it can be epoxidized, for example, with dimethyldioxiran or 
a peracid; or it can be converted into the dihalides, dipseudohalides or diazides. 

Furthermore, the invention is concerned with means for plant protection in agriculture, 
forestry and/or gardening, consisting of one or several of the epothilone derivatives described 
above or consisting of one or several of the epothilone derivatives described above in 
addition to one or several of the usual carrier(s) and/or diluent(s). 

Finally, the invention is concerned with therapeutic agents, consisting of one or several of 
the compounds listed above or of one or several of the compounds listed above in addition to 



one or several of the usual carrier(s) and/or diluent(s). These agents can exhibit especially 
cytotoxic activities and/or cause inununesuppression and/or can be used for combatting 
malignant tumors, but they can especially preferably be used as cytostatic agents. 

The invention is explained further and described by the description of a few selected practical 
examples. 

Examples 



Translator's note: In the infrared spectra in the examples, the general English abbreyi* 
ations are used, s, m, w, vs, b, etc., except for Sch = shoulder and ny = (nu) 
Also, the abbreviation Ig stands for log. 



Example 1: 
Compound la 

20 mg (0.041 mmole) of epothilone A is dissolved in 1 mL of acetone, with 50 /xL (0.649 
mmole) of trifluoroacetic acid is added and the mixmre is stirred overnight at SO^'C. For 
work-up, the reaction mixmre is treated with 1 M pH 7 phosphate buffer and the aqueous 
phase is extracted four times with ethyl acetate. The combined organic phases are washed 
with samrated sodium chloride solution, dried over sodium sulfate and the solvent is 
removed. The purification of the cmde product is done with the aid of preparative layer- 
chromatography (solvent: dichloromethane/acetone, 85:15). 



Yield: 4 mg (19%) isomer I 
4 mg (19%) isomer II 



Isomer I 

R. fdichloromei 



0.46 

3440 (m, b, Sch), 2946 (s, Sch), 1734 
(vs), 1686 (m), 1456 (ttt) , 137S (w)., 1256 
(8, Sch), 1190 (w, b, Sch), 1071 (m, 
Sch) , 884 (w) , 735 (w) cm 



-1 



Mg ^V)t m/e (%) - 493 (43 [M.H2OJ*), 394 {47), 306 (32), 

206 (30), 181 (40), 166 (72), 139 (100), 
113 (19), 71 (19), 57 (24), 43 (24). 
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High resolution : CjfiisO^S calculated: 493.2498 for [M-HjO]* 

found: 493.2478 

Isomer II 

R # (dichlorome thane/acetone > 85:15) : 0.22 

m 

IR (Film) ; ny - 3484 (s, b, Sch), 2942 (V9, Sch) , 1727 

(vs) , 1570 (w) , 1456 (m) , 1380 (m) , 1265 
(s), 1190 (w) , 1069 (m), 975 (w) , cm"^. 

MS f2Q/7Q eV) m/a (%) • 493 {21 (M-H2OJ*), 394 (12), 306 (46), 

206 (37) ,181 (63), 166 (99), 139 (100), 
113 (21), 71 (23), 57 (33), 43 (28). 

High resolution : C26H390^S calculated: 493.2498 for [M-HjO]* 

found: 493.2475 

Example 2: 
Compomid lb 

Epothilone A, 55 mg (0.111 mmole), is dissolved in 0.5 mL of tetrahydrofuran, O.S[sic] mL 
of 1 N hydrochloric acid is added and the mixture is stirred for 30 minutes at room tempera- 
ture. Then 1 N phosphate buffer of pH 7 is added and the aqueous phase is extracted four 
times with ethyl acetate. The combined organic phases are washed with saturated sodiimi 
chloride solution, dried over sodium sulfate and the solvent is removed. The purification of 
the crude product is done with the aid of preparative layer chromatography (solvent: 
dichloromethane/methanolt 90:10). Yield: 19 mg (32%). 
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R, (dichlor f>nn»t|iane/ methanol. 90:10) : 0.46 



IR (Film) : ny - 3441 (s, br, Sch) , 2948 (s, Sch) , 172S 

(vs, Sch) , 1462 (m), 1381 (w) , 1265 (m) , 
1154 (w), 972 (m, br, Sch) cm"^. 

t 

UV f Methanol) larobdanax (^9 epsilon) » 210 (4.29), 248 (4.11) 
nm. 

MS (20/70 eV) t m/e (%) - 529 (13 [M^]}, 494 (10). 342 (38), 306 

(23), 194 (32), 164 (100), 140 (31), 113 
(IS), 57 (16), 



High resolution : CjeH^oOfiClNS calculated: 529.2265 for [M^], 

found; 529.2280 



Example 3: 
Compound Ic 

12-Chloro-13-hydroxy-epothiione A (lb), 25 mg (0.047 mmole), is dissolved in 1 mL of , 
dichloromethane, and then 29 mg (0.235 mmole) of dimethylaminopyhdine, 151 jxL (1.081 
mmole) of triethylamine and 20 fiL (0.517 mmole) of 98% formic acid are added. The 
reaction mixture is cooled with ice/sodium chloride. After reaching -15 "^C, 40 (0.423 
mmole) of acetic anhydride is added to the reaction mixture, followed by stirring for 70 
minutes at -IS'^C. Since the thin-layer chromatogram did not show complete conversion, 
another 6 mg (0.047 mmole) of dimethylaminopyridine, 7 iiL (0.047 mmole) of triethyl- 
amine, 2 fiL of 98% formic acid (0.047 mmole) and 4 /tL (0.047 mmole) of acetic anhydride 
are added to the reaction mixture, followed by stirring for 60 minutes. For work-up, this 
reaction mixture is heated to room temperature, 1 M phosphate buffer with pH 7 is added 
and the aqueous phase is extracted four times with ethyl acetate. The combined organic 
phases are washed with samrated sodium chloride solution, dried over sodium sulfate and the 
solvent is removed. The purification of the crude product is done with the aid of preparative 
laver chromatoffraDhv (solvent: dichloromethane/acetone, 90:10). Yield: 5 mg (18%). 
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(Dichloro tin*^^^^"*^^^ gtone. 90-10) : 0.67 

m 

(Film) ; ny - 3497 (w, b, Sch) , 2940 (s, b, Sch) , 1725 

(vs) , 1468 (m, b, Sch) , 1379 (m) , 1265 
(s), 1253 (s), 1175 (vs) , 972 (m, b, 
Sch) , 737 (s) cm"l 

(2Q/79 ^V) { m/e (*) - 613 (9.(M*1), 567 (43). 472 (63), 382 

(23), 352 (21), 164 (100), 151 (33), 96 
(31), 69 (17), 44 (26). 

■ 

High resolution : C29H40O9NSCI calculation: 613.2112 for [M*] 

found: 613.2131 

Example 4: 
Compound Id 

10 mg (0.020 mmole) of epothilone B is dissolved in O.S mL of tetrahydrofuran, then O.S 
mL of 1 N hydrochloric acid is added and the mixture stirred for 30 minutes at room 
temperature. Then 1 M phosphate buffer at pH 7 is added and the aqueous phase is 
extracted 4 times with ethyl acetate. The combined organic phases are washed with saturated 
sodium chloride solution, dried over sodium sulfate and freed from solvent. The purification 
of the crude product is done with the aid of preparative layer chromatography (solvent: 
dichloromethane/acetone, 83:15). 
Yield: 1 mg (9%) 

fPichlorofHttllfllg/fly^TftlW. 0.38 

■ 

* 

MS (20/70 gV). m/« (%) - 543 (3 CM*1), 507 (14), 320 (19), 234 

(9) , 194 (17) , 182 (23) , 164 (100) , 140 
(22), 113 (14), 71 (13). 
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High resolution : C27H42O6NSCI calculated: 543.2421 for [M*] 

found: 543.2405 

Example 5: . 
Compound 2a 

Epothilone A, 100 mg (0.203 mmole), is dissolved in 4 mL of tetrahydrofuran/ 1 M phos- 
phate buffer, pH 7 (1:1) and sodium borohydride (150 mg = 3.965 mmole) is added until 
the thin-layer chromatogram shows that the starting material reacted completely. Then the 
mixture is diluted with 1 M phosphate buffer, pH 7 and the aqueous phase is extracted four 
times with ethyl acetate. The combined organic phases are washed with saturated soditmi 
chloride solution, dried over sodium sulfate and the solvent is removed. The purification of 
the crude product is done by silica gel chromatography (solvent: dichloromethane/acetone, 
95:5 - in 5 steps to dichloromethane/acetone, 85il5). 
Yield: (20%) 

« 

R. (Dichloromethane/acetone. 75:25'> : 0.27 

IR iTilm) I ny - 3413 (3, b, Sch) , 2965 (vs, Sch) , 1734 

(vs) , 1458 (in, b, Sch) , 1383 (m, Sch) , 
1264 (s, b, Sch), 1184 (m, b, Sch), 1059 
(s, Sch), 966 (s), 885 (w) , 737 (m) cm"^ 

MS f 20/70 avV; m/e (%) • 495 (6 IM*] ) , 477 (8). 452 (12), 394 

(9), 364 (16), 306 (49). 194 (19), 178 
(35), 164 (100), 140 (40), 83 (21), 55 
(27) .. 

High resolution : CmH4,05NS calculated: 495.2655 for (M*l 

found: 495.2623 

Example 6: 

Compound 3a-d (a-d are storeoisomers) 

Epothilone, 1(X) mg (0.203 mmole) is dissolved in 3 mL of pyridine, with 50 ^tL (0.686 
mmole) of thionyl chloride added and the mixnire is stirred for 15 minutes at room tempera- 
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tore. Then* 1 M phosphate buffer, pH 7, is added and the aqueous phase is extracted four 
times with ethyl acetate. The combined organic phases are washed with saturated sodium 
chloride solution, dried over sodium sulfate and the solvent is removed. The purification of 
the crude product and separation of the four stereoisomers 3a-d is done with the aid of 
preparative layer chromatography (solvent: toluene/methanol, 90:10). 

Compound 3a 

Yield : 4 mg (12%) 

R, (toluene/merhannl^ 90; 10^ : 0.50 

• * 
* 

TR (Film) t ny - 2961 (m, b. Sch) , 1742 (vs) . 1701 (vs) . 

1465 (ra, Sch) , 1389 (m, Sch) , 1238 (s, 
Sch). 1210 (vs, Sch). 1011 (s. Sch). 9S7 
(3, b. Sch). 808 (m, Sch). 768 (s, Sch) 
cm"^ 

TTV fM^ehanol) : lan>bda».> (Ig epsilon) - 210 (4.50). 248 (4.35) 
nm. 

Mg f^n/7Q eV>: m/e (%) - 539 (40 CM*1 ) . 457 (22), 362 (16), 316 

(27), 222 (30), 178 (30). 164 (100), 151 
(43). 96 (38), 69 (29), 55 (28), 43 (20). 



High resolution : C^firtOyliSi calculated: 539.2011 for [M*l 

Compound 3b 
Yield : 14mg(13%) 



IS 



/ 

R. ftoluene/methanol. 90: 10^ : 0.44 



2963 (s, br, Sch) , 1740 (vs) , 1703 (a) , 
1510 (w), 1464 (m, br, Sch), 1389 (ra. 
Sch), 1240 (s, br, Sch), 1142 (ra) , 1076 
(w), 1037 (w), 1003 (m), 945 (s, br, 
Sch) , 806 (m, Sch) , 775 (s) , 737 (ra) era" 



UV fMethAnal^. lanthi^a^^^^^ (Ig epsilon) - 211' (4.16), 250 (4.08) 

nra. 



MS (20/7Q eV) m/e (%) - 539 (27 [M*] ) , 475 (17). 322 (41), 306 

(67), 222 (16), 206 (17), 194 (19), 178 
(32), 164 (100), 151 (33), 125 (18), 113 
(15), 96 (39), 81 (23), 64 (58), 57 (42), 
41 (19). 



•esolution : CjoHjtOtNSz 



calculated: 539.2011 for [M^] 
found: 539.1998 



Compound 3c 

Yield : 4 mg (4%) 

R, aoluene/roethanoi. 90:1QV . 0.38 

Mg f 20/70 gV) » m/e (%) - 539 (51 (M*l ) , 322 (22), 306 (53), 222 

(36), 178 (31), 164 (100), 151 (41), 96 
(25), 81 (20), 69 (26), 55 (25), 41 (25). 



igh resolutioii : CMH37O7NS, calculated: 539.2011 for [M*] 

found: 539.2001 
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Compound 3d 

Yield : 1 mg(l%) 



R . ftoluene/methanol. 90: lOV . 0.33 



MS (20/70 eVl ; m/e (*) » 539 (69 [M*] ) , 322 (35), 306 (51), 222 

(41), 178 (31), 164 (100), 151 (46), 96 
(31), 81 (26), .69 (34), 55 (33), 41 (35) 



High resotution : C26H37O7NS2 



calculated: 539.2011 for [M"] 
found: 539. 1997 



Example 7: 
Compound 4a 

Epothilone A, 10 mg (0.020 mmole). is dissolved in 2 mL of dichloromethane, cooled tt> 
-70^C and then treated with ozone for 5 minutes until a weak blue coloration develops. The 
resulting reaction mixture is then treated with 0.5 mL of dimethyl sulfide and heated to room 
temperature. In the work-up, the solvent is removed from the reaction mixture and finally 
the product is purified with preparative layer chromatography (solvent dichloromethane/ace- 
tone/methanol, 85:10:5). 

Yield : 5 mg (64%) 




R, (Dichl 



0:5): 0.61 




3468 (8, br, Sch) , 2947 (s, br, Sch) , 
1734 (vs, Sch) , 1458 (w) , 1380 (w) , 1267 
(w), 1157 (w), 1080 (w), 982 (w) cm'^. 



lambda^ epsilon) • 202 (3.53) nm. 



MQ OQ/7Q ftV) i m/e (%) 



• 398 
(17), 
(34), 
(50) . 



(2 IM*1), 380 (4), 267 (14), 249 
211 (20), 193 (26), 171 (34), 139 
111 (40), 96 (100), 71 (48), 43 
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High resolution : C21H34O7 calculated: 398.2305 for [M*] 

found: 398.2295 

Example 8: 
Compound 6a 

3.7-Di-O-formyl-epothilone A, 10 mg (0.018 mmole), is dissolved in 1 mL of dichlorometh- 
ane, 27 /xL (0.180 mmole) of l,8-diazabicyclo[5.4.0]undec-7-ene (DBU) is added and the 
mixture stirred at room temperature for 60 minutes. 

For work-up, the reaction mixture is treated with 1 M sodium dihydrogen phosphate buffer, 
pH 4.5, and the aqueous phase is extracted four times with ethyl acetate. The combiiied 
organic phases are washed with saturated sodium chloride solution, dried over sodium sulfate 
and the solvent is removed. After elimination of the solvent, die resulting cmde product is 
dissolved in 1 mL of methanol, treated with 200 fiL of ammoniacal methanol solution (2 
mmole of NHs/mL of methanol) and stirred overnight at room temperature. For work-up, 
the solvent is removed in vacuum. 

Yield : 4 mg (22%) 

R . rPichlorom ethane/acetone. 85:15): 0.46 

IR (Film) : ny • 3445 (w, br, Sch) , 2950 (vs, br, Sch) , 

1717 (vs, Sch) , 1S44 (w), 1466 (m, Sch) , 
1370 (m, SCh) , 1267 (s, br, Sch) , 1179 

(s, Sch), 984 (s, Sch), 860 (w) , 733 (m) 

-1 
cm ^ 

UV (Methanol) ; larabdatnix epsilon) » 210 (4.16) nm. 

MS (20/70 aV> ; m/tt (%) • 475 (28 IM*] ) , 380 (21), 322 (37), 318 

(40), 304 (66), 178 (31), 166 (100), 151 
(29), 140 (19), 96 (38), 81 (20), 57 
(26). 
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High resolution : QaHsTOsNS calculated: 475.2392 for [M*] 

found: 475.2384 



Example 9: 
Compound 6b 

3,7-Di-O-formyl-epothilone A, 50 mg (0.091 mmole), is dissolved in 1 mL of dichloroeth- 
ane, 2 mL (0.013 mole) of l,8-dia2abicyclo[5.4.0]undec-7-ene (DBU) is added and the 
mixture stirred for 12 hours at 90*C. 

• * 

For work-up, the reaction mixture is treated with 1 M sodium dihydrogen phosphate buffer, 
pH 4.5 » and the aqueous phase extracted four times with ethyl acetate. The combined 
organic phases are washed with saturated sodium chloride solution, dried over sodium sulfate 
and the solvent removed. The purification of the cmde product, which consists of two com- 
pounds, is done with the aid of preparative layer chromatography (solvent: dichloromethane* 
/acetone, 90:10). 

Yield : 7 mg (15%) 

Substance code 

(Dichloromethane/ace tone. 90: 10): 0.62 

IR . (Film) z ny ■ 2951 (m, br, Sch) , 1723 (vs) , 1644 (w, 

br, Sch) , 1468 (w) , 1377 (w) , 1271 (ra, 
br, Sch), 1179 (s), 987 (m, br, Sch) , 735 
(w, br, Sch) cm"*. 

(Methanol) « lainbda„,^ (Xg epsilon) - 210 (4.44) nm. 

MS (20/70 eVi i ra/e (%) - 503 (68 (M*] ) , 408 (58), 390 (32), 334 

(25), 316 (34), 220 (21), 206 (27), 194 
(2d), 181 (33), 164 (100), 151 (34), 139 
(28), 113 (20), 96 (82), 81 (33), 67 
(24), 55 (26), 43 (22). 
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High resolution : C27H3708NS 



calculated: 503.2342 for \M*] 
found: 503.2303 



Example 10: 
Compound 6c 

3,7-Di-O-acetyl-epothilone, 5 mg (0.009 mmole), is dissolved in 1 mL of methanol, 150 /xL 
of an anunoniacal methanol solution (2 mmole of NHs/mL of methanol) is added and the 
mixmre stirred overnight at 50*C. 

For work-up, the solvent is removed in vacuum and the crude product is puriHed with the aid 
of preparative layer chromatography (solvent: toluene/methanol, 90: 10). 

Yield : 3 mg (67%) 

Ri (DichloiTQfnethane/acetone. 90:10) : 0.55 



IR (Film) ! ny - 2934 (s, b. Sch) , 1719 (vs, b, Sch) , 1641 



MS (20/70 eV) : m/e (V) - 517 (57 [M*] ) , 422 (58), 318 (31) , 194 

(20), 181 (34). 166 (100), 151 (31), 96 
(96), 81 (32), 69 (27) , 55 (29), 43 (69). 



Example 11: 
Compound 7a 

Epothilone. 20 mg (0.041 mmole), is dissolved in 0.5 mL of methanol, 0.5 mL of 1 N 
sodium hydroxide is added and the mixture stirred for 5 minutes at room temperature. 



(tn) , 1460 (m, Sch) , 1372 (s, Sch) , 1237 
(vs, b, Sch), 1179 (s, Sch), 1020 (s) . 
963 (s, Sch), 737 (vs) cm"^. 



UV (Meehanol) ! laihbda,„^ (Ig epsilon) 



210 (4.33) nm. 



High resolution: CuH»0«NS 



calculated: 517.2498 for [M*] 
found 517.2492 
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For work-up, the reaction mixture is treated with 1 M phosphate buffer, pH 7, and the 
aqueous phase is extracted four times with ethyl acetate. The combined organic phases are 
washed with saturated sodium chloride solution, dried over sodixmi sulfate and the solvent is 
removed. The purification of the crude product is done with the aid of preparative layer 

• m 

chromatography. (Solvent: dichloromethane/methanol, 85:15). 

■ Yield : 11 mg (52%) 

(Dichloromethane/methanol. 85: IS") : 0.92 

IR (Film) ny m 3438 (a, br, Sch), 2971 (vs, br, Sch), 

1703 (vs), 1S07 tm), 1460 (s, Sch), 1383 

(m, Sch), 1254 (w), 1190. (w, br. Sch), 
1011 (w, br, Sch) , 866 (w, br) , 729 (s) 
cm"^ 

MS f20/70 eV) ; m/g (%} » 423 (0.1 [M*l ) , 323 (4). 168 (89), 140 

(100) , 85 (31) , 57 (67) . 

High resolution : C23H37O4NS calculated: 423.2443 for [M*] 

found: 423.2410 

Example 12: 
Compound 7b 

5 mg (0.009 mmole) of 7-0-acetyl-epothilone is dissolved in 1 mL of methanol, 200 nL of • 
an ammoniacal methanol solution (2 mmole of NHj/mL of methanol) is added and the 
mixture is stined for 2 days at 50*C. For work-up, the solvent is removed in vacuum. The 
purification of the crude product is done with the aid of preparative layer chromatography 
(solvem: toluene/methanol, 90: 10). 

YisM: 3 mg (59%) 
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R. (DichlQro f^?Than?/meth3 nol. 90:10) : 0.63 

IR (Film) t ny - 3441 (m, b, Sch) , 2946 (s. Sch) , 1732 

(vs) , 1600 (w) , 1451 (m) , 1375 (m) , 1246 
(s, b, Sch) , 1013 (m, b, Sch) cm"^ 

uv fMechanol) : lambdanax <l9 epsilon) » 211 (3.75). 247 (3.5?) 
nin • 

MS f 20/70 eV) ; m/e (%) - 567 (1 [M+] ) , 465 (4), 422 (7), 388 

(5). 194 (5), 182 (7), 168 (65). 164 
(17), 140 (100), 97 (10), 71 (22), 43 
(27) . 

Hi gh resolution : C29H45O8NS calculated: 567.2866 for [M*l 

found: 567.2849 

Example 13: 

Epothilone A, 50 mg, is dissolved in 20 /iL of dimethyl sulfoxide and diluted with 30 mL of 
phosphate buffer (pH 7.1, 30 mM). After addition of 5 mg of pig liver esterase (Boehringjcr 
Mannheim), the mixture is stirred for 2 days at 30"C. It is acidified with 2 N HQ to pH 5 
and the epothilonic acid 7 is extracted with ethyl acetate. The organic phase is dried with 
sodium sulfate and evaporated to dryness in vacuum. Yield 48 mg (96%). 

Example 14: 

Epothilonic acid 7, 48 mg, is dissolved in 6 mL of absolute THF and 40 /tL of triethylamine 
and 16 fiL of 2,4,j5-trichioiobenzoyl chloride are added under stirring. After IS minutes, the 
precipitate is filtered off and, within 15 minutes, under rapid stirring, it is added dropwise to 
a boiling solutioii of 20 mg of 4-dimethylaminopyridihe in 200 mL of absolute toluene. 
After another 10 minutes, the mixture is evaporated in vacuum and the residue is partitioned 
between ethyl acetate/citrate buffer (pH 4). The evaporation residue of the organic phase 
gives IS mg of epothilone A after preparative HPLC separation. 
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Example 15: 

Epothilone C and D as starting compounds 

A. Production stock and culture conditions corresponding to the basic epothUone patent 

B. Production with DSM 6773 

A culture, 75 L, is raised as described in the basic patent and was used for inoculating a 
production fermenter with 700 L of production medium consisting of 0.8% starch, 0.2% 
glucose, 0.2% soy meal, 0.2% yeast extract, 0.1% CaClj ^HjO, 0.1% MgS04-7H20, 8 
mg/L of Fe-EDTA, pH = 7.4 and optionally 15 L of adsorbent resin Amberlite XAD-16. 
The fermentation takes 7-10 days at SO^'C, aeration with 2 m^ of air/hour. The p02 is kept 
at 30% by adjusting the rate of rotation. 

C. Isolation 

The adsorber resin is separated from the culture with a 0.7 m^, 100 mesh process filter and 
the polar accompanying substance is removed from it by washing with 3 bed volumes of 
water/methanol 2: 1. Upon elution with 4 bed volumes of methanol, a cmde extract is 
obtained, which is evaporated in vacuum until the appearance of the water phase. This is 
extracted three times with the same volume of ethyl acetate. Evaporation of the organic 
phase gives 240 g of crude extract, which is partitioned between methanol and heptane in 
order to remove any lipophilic accompanying substances. Thus, 180 g of raffinate is 
obtained from the methanol phase by evaporation in vacuum; this is fractionated into three 
portions on Sephadex LH-20 (volume 20 x 100 cm, 20 mL/min methanol). The epothilones 
are contained m the fraction eluted with a retention time of 240-300 minutes, a total amount 
of 72 g being obtained. To separate the epothilones, the product is chromatographed in three 
portions on Lichrosorb RP-18 (IS im, column 10 x 40 cm, solvent 180 mL/minute metha- 
nol/water 65:35). After epothilone A and B, epothilone C is eluted with Rt = 90-95 minutes 
and epothilone D with 100-110 minutes and after evaporation in vacuum, they are obtained 
as colorless oils, each in an amount of 0.3 g. 
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D. Physical properties 

R 




Epothilone C R = H 
Epothilone D R = CH, 

* 

Epothilone C 

C26H39NO5S [477] 

ESI-MS: (positive ions): 478.5 for [M+H]* 

4 

'H and '^C see NMR table 
TLC: R, = 0.82 

TLC-aluminum foil 60 F 254 Merck, solvent: dichloromethane/methanol = 9:1 

Detection: UV extinguishing at 254 nm. Spraying with vanillin-sulfuric acid reagent, 

blue-gray coloration upon heating to 120°C. 

HPLC: R«: 11.5 min 

Column: Nucleosil 100 C-18 7/im. 125 x 4 mm 
Solvent: methanol/water s 65:35 
Flow rate: 1 mL/min 
Detection: diode array 



24 



( 

Epothilone D 
C27H4,N05S [491] 

ESI-MS: (positive ions): 492.5 for [M+H]* 
'H and '^C. see NMR table 
TLC: Rf - 0.82 

TLC-aluminum foil 60 F 254 Merck, solvent: dichloromethane/methanol = 9: 1 

Detection: UV extinguishing at 254 nm. Spraying with vanillin-sulfiiric acid reagent, 

blue-gray coloration upon heating to 120°C. 

HPLC: Rt = 15.3 min 

Column: Nucleosil 100 C- 18 T/xm, 125 x 4 mm 
Solvent: methanol/ water - 65:35 
Flow rate: 1 mL/min 
Detection: diode array 
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Table: 'H and "C-NMR data of epothilone C and epodiilone D in [D« DMSO at 300 MHz 



Epothilone C Epothilone D 

H-ACom 5 C'Atom b 6 C-Atom 6 





(ppm) 




(ppm) 


(ppn) 




(ppm) 






1 


170.3 




1 


170.1 


2 -Ha 


2 . 40 




^ Q A 

4 0 • 4 


X • 4 9 


X 


49.0 


2-Hp 


2 • 50 




71 *5 
/ X • X 


X •40 


4 


/ U • D 


2-H 


3 • 97 


A 


1 

94 • X 


* 

A. 1ft 

4 • 10 


A 
% 


9 4 • A 


3 -OH 


5 • 12 


c 


« X7 • X 


ft A A 

9 • WB 


e 


717 A 
XX ' • 4 


6-H 


J • 07 




49 • ^ 


J • XX 


B 


44 4 
44 • 4 


7*H 


^ AO 
J • 49 








7 


75 5 


/•On 


A AC 

4 • 40 


0 


4 9*4 


X 4fi 


o 

B 


J B • J 


8-H 




A 
7 


7"7 l« 
A # • D 


X • XZV 






9-Ha 


1 • 15 


1 A* 


4 u • u 


1 T4 


10 

A w 


3S 9 


9-Hb 


^ A A 

X • 40 


XX 


X / • 0 


^ • li B 


rr 


31 . a* 


10 •Ha 




X A 


4X1i • w 


1 . 14* 


12 


138 . 3 


10 -HO 


jl • 4a* 


x^ 


133 . 1 
A ^ ^ • % 


1 .35* 


13 


120.3 


ix*Ha 




14 


31.1 


1.7S 


14 


31.6* 


11 *Hw 




IS 


7S.3 


2.10 


15 


76.6 


^« *n 




16 


137.3 




16 


137.2 






17 


119.1 


5.08 


17 


119.2 


14 -Ha 


2.35 


18 


153.1 


2.30 


18 


152.1 


14 -Hb 


2.70 


19 


117 . 7 


2.65 


19 


117.7 


IS-H 


5.27 


20 


164.2 


5.29 


20 


164.3 


17-H 


6.50 


21 


18.8 


6.51 


21 


18.9 


19-H 


7.35 


22 


20.8 


7.35 


22 


19.7 

• • 


21-H, 


2.65 


23 


22.6 


2.65 


23 


22. S 


22 -H, 


0.94 


24 


16.7 


0.90 


24 


16.4 


23 'H, 


1.21 


25 


18.4 


1.19 


25 


18.4 


24-H, 


1.06 


27 


14.2 


1.07 


26 


22.9 


2S-K> 


0.90 






0.91 


27 


14.1 


2 6-H, 








1.63 






27-H4 


2.10 






2.11 




• 



*, ** Assignment interchangeable. 
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Example 15: frhis should be Example 16] . 

Epothilone A and 1243-bisepi-epotliiIone A from epothilone C 

Epothilone A, 50 mg, is dissolved in 1.5 mL of acetone and 1.5 mL of a 0.07 molar solution 
of dimethykiioxiran in acetone is added. After standing for 6 hours at room temperature, it 
is evaporated in vacuum and separated by preparative HPLC on silica gel (solvent: methyl- 
tert.butyl ether/petroleum ether/methanol 33:66:1). 

Yield: 

25 mg epothilone A. R, = 3.5 min (analyt. HPLC, 7 /im, column 4 x 250 mm, solvent see 
above, flow rate 1.5 inLymin) 

■ 

and 

20 mg of 12,13-bisepi-epothilone A, = 3.7 min, ESI-MS (positive ions) 
m/z = 494 [M+H]* 

'H-NMR in [DJ methanol, selected signals: 

A= 4.32 (3-H). 3.79 (7-H). 3.06 (12-H), 3.16 (13:H), 5.54 (15-H). 6.69 (17-H), 
1.20 (22-H), 1.45 (23-H). 



R 




12,13-bisepi-epotlulone A R » H 
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Patent Claims 



1 . Epothilone derivative having Formula 1 




1 

where R = H, Ci^-alkyl; R^ = H, Cj^-alkyl, C,4-acyl, benzoyl, Ci^-trialkylsilyl, 
benzyl, phenyl, Ci^^alkoxy, Q-alkyl-, hydroxy- and halogen-substituted benzyl or phenyl; 
and the alkyl and acyl groups in these groups are straight-chain or branched groups and Y 
and Z are either the same or different and stand for hydrogen, halogen, pseudohalogen, OH, 
0-(Ci^-acyl, 0-(Ci^-alkyl or 0-benzoyl or together form the 0-atom of an epoxide or one 
of the C-C bonds form a C=C double bond, where epothilone A and B are excepted. 

2. Epothilone derivative having formula 2 



R 
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where R = H, Cw-alkyI; R>. R^ R^ = H, C,^alkyl. C,^-acyl. benzoyl, C,^-triaikylsUyl, 
benzyl, phenyl, Ci^-alkoxy-, Q-alkyl-, hydroxy- and halogen-substituted benzyl or phenyl; 
the alkyl and acyl groups contained in these groups are straight-chain or branched groups and 
> Y and Z have the meaning according to Claim 1. 

3. Epothilone derivative according to formula 3 

R 




3 

where R = H. C,^-alkyl; R'. R* - H, C^-alkyl, C,^acyl, benzoyl, C,^-trialkylsUyl, 
benzyl, phenyl, C,^-alkoxy-, Q-alkyl-, hydroxy-, and halogen-substitoted benzyl and phenyl; 
the alkyl and acyl groups contained in these groups are straight-chain or branched groups and 
X stands generaUy for -C(0)-, -C(S)-, -S(0)-, -CR'R^- and -SiR,-. where R. R* and R* have 
the meaning given above and R' and R^ together can also form an alkylene group with 2 to 6 
carbon atoms; and Y and Z have the meaning according to Claim 1 . 

4. Epothilone derivative according to formula 4 

R 




4 
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where R = H. C^-alkyl; R', R*. R'. R*. R' = H, Ci^-alkyl, C,^acyl, benzoyl. C,^- 
trialkylsilyl, benzyl, phenyl, Cj^-alkoxy-, Q-all^l-, hydroxy- and halogen-substituted benzyl 
or phenyl; the all^l and acyl groups contained in these groups are straight-chain or branched 
groups; X stands for oxygen, NOR^ N-NR*R^ and N-NHCONR*R^ where the groups R' to 
R^ have the meaning given above and R* and R' together can form an alkylene group with 2 
to 6 carbon atoms; and 

Y and Z have the meaning according to Claim 1. 
5. Epothilone derivative having formula 5 



R 




5 

where R « H. C^-alkyl; R', R^ « H, C,^alkyl, C,^acyl, benzoyl, CM-trialkylsUyl, 
benzyl, phenyl, C,4-alkoxy-, Cf-all^l-, hydroxy- and haiogen-substioited benzyl or phenyl;' 
the alkyl and acyl groups contained in these groups are straight-chain or branched groups and 
X stands for hydrogen, Ct.it-alkyl, Ci.,Vacyl, benzyl, benzoyl and cinnamoyl and 
Y and Z have the meaning according to Claim 1. 
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6. Epothilone derivative according to formula 6 




6 



in which R = H. Cj^-alkyl and = H. Ci^alkyl. Cj^-acyl, benzoyl. Ci^-trialkylsUyl, 
benzyl, phenyl, Ci^-alkoxy-, C6-alkyl-, hydroxy- and halogen-substituted benzyl or phenyl; 
the alkyl and acyl groups contained in these groups are straight-chain or branched groups; 
and Y and Z have the meaning given in Qaim 1. 



7. Epothilone derivative according to formula 7 




7 

in which R = H. CM-alkyl; and R». R^ R\ R* =» H, C,^-alkyl. Cj^acyl. benzoyl, 
trialkylsUyl, benzyl, phenyl. C,4-alkoxy-, C«-alkyl-, hydroxy- and halogen-substimt 
or phenyl; the alkyl and acyl groups contained in these groups are straight-chain or 
groups; and Y and Z have the meaning according to Claim 1. 
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8. Method for the preparation of an epothilone derivative having formula 7, according to 
Claim 7, characterized by the fact that epothilone A, epothilone B» a 3-OH-protected 
derivative of these or a 7-OH-protected derivative of these is 

(a) hydroiyzed enzymatically, especially with an esterase or lipase, or 

(b) is hydroiyzed in an alkaline medium, especially with sodium hydroxide, in a metha- 
nol/water mixture, and the epothilone derivative having formula 7 is obtained and isolated. 

9. Method for the preparation of an epothilone derivative having formula 2, according to 
Claim 2, characterized by the fact that an epothilone derivative having formula 7, according 
to Claim 7, or as product of the method according to Claim 8, is converted into the epothi- 
lone derivative having formula 2 according to 

(a) the Yamaguchi method or 

(b) the Corey method or 

(c) the Kellogg method 

and then this conversion product is isolated. 

10. Method for the preparation of epothilone A and/or 12, 13*bisepi-epothilone A, 
characterized by the fact that epothilone C is epoxidized, especially with dimethyl dioxiran or 
a peracid. 

11. Method for the preparation of epothilone B and/or 12,13-bisepi-epothilone B, 
characterized by the fact that epothilone D is epoxidized, especially with dimethyldioxiran or 
a peracid. 

12. Means for plant protection in agiiculture and forestry and/or in gardening, consisting 
of one or several of the compounds according to one of the previous Claims, or according to 
one or several of these compounds together with one or several usual carrier(s) and/or 
diluent(s). 

13. Therapeutic agent, especially for use as cytostatic agent, consisting of one or several 
of the compounds according to one or several of Claims 1 to 7, or one or several compounds 
according to one or several of Claims 1 to 7 together with one or several of the usual 
carrier(s) and/or diluent(s). 
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Summary 

The present invention is concerned with epothiione derivatives and their application. 



33 



